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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

TECHNICAL NOTE NO.  12l|i. 

EFFECT OF THE TUNNEL-WALL BOUNDARY LAYER ON TEST RESULTS 

OF A WING PROTRUDING FROM A TUNNEL WALL 

By Robert A, Mendelsohn and Josephine F. Polhamus 

SUMMARY 

Two-dimensional span-loading tests -were  made of a two-foot- 
chord NACA 65-J-012 airfoil model in the 2^-foot by 6-foot test 
section of the Langley stability tunnel to determine tunnel-wall 
boundary-layer effects. The tests indicated that a small loss 
(less than one percent of the load at the center) in average load 
may be expected.» At the tunnel wall the load may be as much as 
10 percent lower than that at the center of the tunnel, and large 
changes in the tunnel-wall boundary-layer thickness produce small 
changes in load. At low angles of attack the tunnel-wall boundary 
layer had little effect on the pitching moment» At high angles of 
attack, the average pitching moment for the wing may differ from the 
pitching moment at the center of the tunnel because of nonuniform 
stall. 

INTRODUCTION 

A large amount of work is being done with models that completely 
span the ttinnel test section and with semispan models that use the 
tunnel wall as a reflection plane» Because of the possibility that 
the tunnel-wall boundary layer affects the flow near the walls and 
thus alters the airfoil characteristics in this region, it would be 
desirable to have some knowledge of the magnitudes of the effects 
and to find possible ways of correcting for them. 

Estimation of tunnel-wall boundary-layer effects on a two- 
dimensional model is based in reference 1 on the assumption that the 
loading on the model will be decreased at each end in proportion 
to the square of the local velocity through the tunnel-wall boundary 
layer» Reference 1 also assumes that this change in loading will 
produce induced effects over the whole model and will cause an 
appreciable error in measured results for most ratios of model chord 
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to model span. From computations of the vortex strength In terms 
of tunnel-wall boundary-layer thickness, an estimate of the induced 
angle-of~attack loading over the wing is made by a consideration of 
tunnel width and model chord» Large changes In loading are shown to 
he possible from these calculations, and it is suggested that, for 
two—dimensional tests,, the model be mounted between a pair of dummy 
ends that are shaped to the model contour and fastened to the tunnel 
wall. 

In most cases, the practice of the MCA for two-dimensional 
tests of models completely spanning the test section is to neglect 
any correction for tunnel-wall boundary-layer effects. Instead of 
mounting the model on balances, several NACA tunnels determine 
model lift by pressure integration over a section of the tunnel 
walls, and this method of determining lift minimizes the error caused 
by the tunnel-wall boundary, layer. 

The tests herein described were run for the purpose of verifying 
experimentally the supposition that although there would b3 a 
velocity gradient through the boundary layer, it would be caused by 
a local change in total pressure and that the static pressure, and 
consequently the airfoil lift, would remain essentially constant 
across the model span, A quantitative determination of the change 
in model loading near a tunnel wall was also considered valuable for 
evaluating the accuracy with which semispan-model tests approximate 
full-span model tests. 

The pressure distribution about a two-dimensional wing was 
determined for various angles of attack and for various distances 
from a tunnel wall. These measurements were made for both an erect- 
and an inverted-model condition, and a mean was taken of integrated 
forces and moments in order to eliminate possible errors caused 
by local changes in tunnel stream angle. Tests were run with a 
normal tunnel-wall boundary layer and with a tunnel-wall boundary 
layer thickened by means of spoilers on the tunnel wall. 

SYMBOLS 

The coefficients and symbols used in this report are defined as 
follows: 

c^   section lift coefficient 

ex   maximum spanwise section lift coefficient for a given angle of 
mx       attack 
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c« ,. quarter-chord pitching'-moment coefficient 

c    airfoil chord 

P    pressure coefficient NLZJ?°J 

p local static pressure 

p0 free-stream static pressure 

q dynamic pressure 

u local velocity in the boundary layer 

U Telocity at edge of boundary layer 

b tunnel width (30 inches) 

x distance from leading edge of wing along chord line 

y spanwise distance from tunnel wall 

z vertical distance above airfoil surface 

a angle of attack 

APPARATUS AND METHODS 

Model.- A two-foot-chord model of MCA 653-012 alrfoil section 
was mounted between the walls of the 2*-foot by 6-foot test section 

of the Langley stability tunnel in such a manner that the model center 
section containing the pressure orifices could be located at various 
distances from the tunnel wall by sliding the wing laterally« The 
model was six feet in length' and was sealed at the tunnel-wall 
juncture by felt pads clamped firaly against the surface. Changes 
in angle of attack were accomplished by rotation of tunnel-wall end 
disks into which the model fitted. (See figs. 1 and 2.) 

Although the model was equipped with a true-contour 0.20c plain 
flap, the flap was in a neutral position for all tests. The airfoil 
contour at the flap gap was faired by means of "Scotch" cellulose tape. 

„Tests.— Pressure distributions about a section of the wing for 
angles of attack of 3.I0 and 12.3° were determined for a number of 
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spanwise locations from the tunnel wall. In addition, a more complete 
range of angle of attack was vised for the tunnel-center orifice 
location. The dynamic pressure was changed from kO  pounds per square 
foot at high angles of attack to 100 pounds per square foot at low 
angles of attack in order to obtain large pressure readings for 
fetter accuracy» These dynamic pressures correspond to Reynolds 
numbers of 2.32 x 10° and 3.66 x 10°, respectively. In order to 
eliminate possible errors caused by a spanwise variation in tunnel 
stream angle, teats were made with the model both erect and inverted, 
and a mean of the two tests taken. Because a low—drag airfoil was 
used, and it was possible that a change in loading would be caused by 
a nonuniform position of transition, some tests were made with a 
transition tape at the leading edge of the model. In order to check 
the effects of the felt seal, tests were made with a modeling-clay 
seal at the tunnel wall. 

Tests were made for three conditions of tunnel—wall boundary 
layer, as obtained by the use of narrow wire screens attached to 
the tunnel wall at the entrance cone. These screens extended from 
ceiling to floor and were pivoted at a point close to the tunnel 
wall in order to obtain changes in deflection. The outer edge of 
the screen was deflected 2 inches for spoiler 1 and 3 inches for 
spoiler 2» Tests were also made with no spoiler. 

Corrections.- Tunnel-wall corrections were applied to the angle 
of attack, the lift coefficient, and the pitching-moment coefficient. 
(See reference 2.) No tunnel-wall corrections were applied to the 
pressure distributions or the boundary-layer data. The equations 
used in correcting the data are: 

a = 1.02290g 

where the subscript U designates uncorrected values. Corrections 
were applied to the survey-rake tube heights for effective center >_ 
location in a total-head pressure gradient as outlined in reference 3« 

RESULTS AND DISCUSSION 

Tunnel-wall velocity profiles.— Figure 3 presents the profiles 
of the velocity through the tunnel-wall boundary layer for a position 
six inches ahead of the location of the model leading edge for the 
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conditions with no tunnel-wall spoiler, with spoiler 1, and with 
spoiler 2» With no spoiler, the tunnel-wall bo\;ndary layer is 
considerably smaller in this tunnel than in moat tunnels of this 
size because of the high contraction ratio and relatively short 
distance from entrance cone to test section. The tunnel-wall 
boundary—layer thicknesses corresponding to the three spoiler 
deflections.probably include most of the tunnel-wall boundary- 
layer conditions likely to be encountered in practice. 

Pressure, distributions.- For the condition with spoiler 2, . 
section pressure distributions at a = 3»1° and a = 12.3° for an 
erect- and an inverted-model configuration and for several spanwise 
tunnel positions are presented in figure h.    The tests indicate a 
higher loading with the model inverted than with the model erect. 
This result may be caused by misalinement of the wing template, by 
a tunnel stream angle, by a. small flap deflection, or by any combina- 
tion of these effects. Since a mean of the erect and inverted 
tests was taken for the span-loading and pitching-moment results, 
most of these, effects are averaged out. 

At a = 3.~D witL, spoiler 2, figure h(a)  shows that the peak 
pressure on the upper surface decreases in magnitude as the tunnel- 
wall position is approached. At a = 12,3° (fig. 4(b)) no definite 
decrease through the tunnel-wall boundary layer is shown. The 
flat peaks on the pressure distributions indicate that, for 
a = 12o3°, extensive regions of laminar separation exist near the 
leading edge of the upper surface for spanwise positions outside of 
the boundary layer. The large adverse pressure gradient necessary 
to cause the laminar separation was not in all cases measured by the 
static—pressure orifioes, and consequently the curves are shown 
dotted. Within the boundary layer, the magnitude of the flat regions 
becomes smaller because of turbulent mixing. Because of the change 
in total pressure through the boundary layer, full free-stream 
stagnation pressure was not reached by any of the pressure orifices» 

Figure 5 presents a comparison of pressure distributions for 
no tunnel-wall spoiler and for 3poiler 2. Because of the smaller 
tunnel-wall bovindary layer for the no-tunnel-wall spoiler condition, 
a closer approach to stagnation pressure is reached for the stations 
close to the tunnel wall» (See fig. 5(b.) In general, no large 
consistent differences in pressure distribution are shown by 
increasing the boundary—layer thickness* 

Spanwise surveys.— Figure 6 illustrates the method used in 
averaging test results. From a faired curve for erect-model results 
and a faired curve for inverted-model results an average curve was 
drawn. The ordinate values of this average curve were then divided 
by the maximum value, and the resulting parameter c7/ci    Is shown 

''max 
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plotted In figure 7» This maximum value was used in place of the 
value corresponding to a tunnel having no wall "boundary layer 
because an estimate of the load-loss Induced effects showed that at 
the center of the tunnel the effect was negligible» Figure 7 
presents nondimensional span—loading curves for angles of attack 
of 3-1° and 12«3° and for three conditions of the tunnel-wall 
boundary layer* In addition, a theoretical curve computed by the 
methods of reference 1 is presented« This curve represents results 
for a model that was assumed to operate at unit lift coefficient 
before taking Into account the reduction in loading corresponding 
to the spoiler 2 condition. It appears that the theory of reference 1 
strongly over-estimates the effect of the boundary layer. Although 
for the model investigated a small loss in average load occurs in 
the region of the tunnel wall for all spoiler conditions, the loss is 
small enough (less than one percent of load at center) to be neglected 
in most force tests. For pressure investigations on semispan models 
such as span loading or internal-balance pressure measurements, 
however,- local errors as high as 10 percent may result at the tunnel 
wall» As a check on the possibility that the felt seals were leaking, 
repeat tests at a - 3^1° were run with modeling clay to form a 
seal at the tunnel wall. Figure 7 shows that little change occurred. 
Transition tapes placed at the leading edge to simulate a rough- 
model condition produced a small loss in average load. For 
a - 12.3°, the load is shown to decrease near the center of the 
tunnel because of nonuniform stall characteristics. 

Curves of section quarter-chord pitching-moment coefficient 
for the same test conditions as those of figure 7 are presented in 
figure 8. The spanwise change in pitching moment is negligible for 
a a 3,1°. For a = 12.3°, because of the nonuniform stall 
characteristics, a spanwise change in pitching moment is noted. 
Flap section hinge-moment coefficients were determined for a simulated 
0.20c plain flap by Integration of the pressure distributions for 
the region from the hinge line to the trailing edge. These results 
indicated that for an angle of attack of 3«1°, the spanwise variation 
of flap section hinge-moment coefficient was just as great outside 
the tunnel-wall boundary layer as inside. At an angle of attack of 
12.3°, the flap section hinge-moment coefficient became slightly 
more positive in the region of the tunnel wall. 

Force and moment coefficients.— Figure 9 presents the variation 
of lift coefficient and quart ervchord pitching-moment coefficient with 
angle of attack as averaged from pressure distributions measured in 
the center of the tunnel for both erect- and inverted-model 
configurations. Indicated on the curves are the average values for 
the complete span« These values represent the results which would 
be obtained if the model were fastened to balances. For angles of 
attack of both 3,1° and 12.3°, the balance lift-coefficient estimates 
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checked very well with the tunnel-center results. At an angle of 
attack of 3«!°, the difference was very small in terms of the lift 
coefficient and at an angle of attack of 12.3° because of nonuniform 
span loading caused by stalled flow, the close check indicated by 
figure 9 is probably accidental. The average pitching moment for the 
wing was slightly more negative than the tunnel-center value at an 
angle of attack of 3.1° but at an angle of attack of 12.3° the 
.average value over the span was less negative than the tunnel- 
center value because of npnunif 013a. e tall. 

C0NC1OTIHG EEMAEKS 

Tests of a two-foot-chord model in the 2g -foot by 6-foot test 

section of the Langley stability tunnel to determine tunnel-wall 
boundary-layer effects on wings protruding from a tunnel wall show that 
a small loss in average load may be expected (less than one percent of 
load at center). At stations very close to the wall, the local load 
may be as much as 10 percent lower than that at the center of the 
tunnel, and large changes in the tunnel-wall boundary—layer thickness 
produce small changes in load. Also, at low angles of attack a 
tunnel-wall boundary layer has little effect on the pitching moment» 
At high angles of attack the average pitching moment for the wing 
may be different from the value at the center of the tunnel because 
of nonuniform stall. 

langley Memorial Aeronautical laboratory 
Natioral Advisory Committee for Aeronautics 

Langley Field, Va. January 2, 19^7 
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Fig. 4a cone. NACA TN No. 1244 

£-/ c pa/oigdoo 9/nssay 



NACA TN No. 1244 Fig. 4b 

^J-       ^       <o 
cvi      <\i      >• ^       00       >       ^       >       oo k 



Fig. 4b cone. NACA TN No. 1244 

r/ s 

i y» 1 
i 
* 

hü 

s s 
8 

> a o 
M 

1 /l 

> a < 

// f\ < 
5 

/ 
j z 

// 
f w ! ^ f A '/ \ k S 

•>•£ 1 
Af     1 

P) 
\ 

\ 

/, 
/ j **"*> 

V'y / // f \ 
/ 
rs 

/ 1 
IN 
je / V // 

i r i 
V ) // 

/ 1 
A\ / 

/ 
/ 

§   - A?. 
// 
/ ^ i 

M-   v \ 
/ J ^ 

' / 
y 1 f\ 

-^ y. y 1 1    N 
£/ i 11 f 

v 

\ - 
V V 

s / i 
\ 

y '/• f f\ 
s 

/ 
\ 
V N v // 

1 \ 

i / \ 
/ 

\ 
^ 

'/ s 

\A \J~ ) Vj - f/ 

^> <o c\) 
\ 1 

00        >. ^ oo 

f 
«SS 

S5 
fc 

^ ^ 

^b 

^ 

1 
I 

I 
c/ ( jLidüipoj pjnsspj^ 



NACA TN No. 1244 Fig. 5a 

—  ^ 

1 
I 
^5 

r 

1 
-§^ 
t 

^ <rj ^ 

k 
•^ 

t* 
SO C^ 

^> 

| 
?3 

I 
I 
1 

$ 

? i * 
00 <y 

1 



Fig. 5b NACA TN No. 1244 

OQ       ^        <5>        >        00 
i •        r 

sy 

«^ 
< * • 

>< H 
«\ 

) 1 ii 
<53 

^ Ct: 

1 I <>> 

1? «l 
^ 

$ 55 II 

§ 

^ 
^ 1 

i 

5u 
<5> k 

^ 



NACA TN No. 1244 Fig. 6 

f ^ 

I8 
3 

c 

1s 

1 
i 

0 

-.04 

Mode/ erect 
Model inverted 

a*^' 

7 

0 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

0 .z .6 .8 W 

Spanwise  position ,   JL 

F/gure 6r Lift and pitching- moment coefficient 
curves  tor t/?e  erect and /averted  model 
conf/auration,   snownq the  method of .Qveroqunq 
results, oc =37 ; spotter £ - /? = 3.66 X10\       7   7 



Fig. 7 NACA TN No. 1244 

I 
\ 

I 
r 
^4 

Spo/fer 2. 

7 

1 
I 
•/ 

CafgpX 

3.1 
/2.3 
3.1 

Mode/ cond/t/on 

Clean 
Clean 
Transition fixed at 
leading edge 
fou sea/ at 

wdll 
3.1       Clou seat at tunnel 

Ttieoref/coi result from 
reference / 

1.0 

.9 

/ 

^~ ^1 — 
i?noiler / 

f 
NATIONAL ADVISORY 

COMMITTEE FOR AERONAUTICS 

1.0 
fS 

• 
-—" 

No  Sno/ler 
Y 

i 

0 /.o .Z        .4-        .6       .8 

Spamv/se posit/on >  JL 

figure 7- Nonof/mensional span- /oadinq   curves  for on 
A/ACA 6&.-0/Z a/rfoil model completefy (Spanning   a 
tunnel test section.   R=3.66 */0G fvr Ux =3.r and 
R= Z.3Z x /0& for oo = IZ..30; average   of erect and 
w/erfed- mods/ tests. 



NACA TN No. 1244 Fig. 8 

* 

C? 

I 

1 

1 
I 
°0 

0 

-04 

:08 

Spo//er 2 

oc      Mode/ condition 
(deg) 

3.1      Clean 
12.3 Clean 
3.1 Transit/on fned at leodtnq edqe 
3.1 Clay seal at funnel mil 

u 

04 S 
Spoi/er 1 

no 
— 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 

0 

.04 

•08 

  

A/0 Spo/ler 

0 -.£        .4 .6 .8 /0 

Sponwise   position , JL. 

Figure 8- - Variation of section quarter- chord p/tchinq- 
moment coefficient with spanw/se position for an 
NACA 65-0/2   airfoil model Complete/y spanning a 
tonne/ test section . R*3.66 xW6 M dU3J°obd 
R=2.3Zx/0€for a. =//2.3°; overage of ereef and 
inverted moc/e/ tests. 



Fig. 9 NAGA TN No. 1244 

«M 

4^ 

I I 

Average  over span 

Va/ue,? rrf funnel Center 

«      ^ 

I 

8 

0 3  — 

04 
P 

no \ (Ja 
NATI ONAL ADV SORV 

\ 
\ 

:/£ 

CO MMIT1 tk KJ It AIR ONAUr ICS 

0 6 10 

Angle of attack }  oc 

/z 14 

Figure <9. - Variation of ct and cmc/4 w/fh  CC for 
measurements' »of Hie center of   the funnel. 
R=Z.3£ x/o -y     overoqe  of erect- and inverted- 
mode/ feste.   Spo//er£? 



« 
TITLE: Effect of the Tunnel-Wall Boundary Layer on Teet Results of a Wins Protruding 

from n Tunnel Wall 
AUTHORS): Mendelsohn. R.j Polhamus, I. F. 
OPIGirATING AGENCY: Nntlonal Advisory Committee for AeronauUce, Washington, D. C. 
PUBLISHED BY: (Same) 

ßlTO- 13794 

(Hone) 
oao. ACCSCT I». 

T.N. 12<M 
neusMta roo*cr eo. 

PAX3 I    tttc fifin 
April '47    I   Pnclass. I        D.S. E»S- 

PAC3J 
2» photos, graphs 

ABSTRACT: 

Two-dimensional span-loading teets Indicated that email load lose may be expected. 
At tunnel T7all load mey be 10 percent lauer than at center of tunnel, and large 
changes In tunnel-vall boundary layer thichnese produce email load changee.  At 
loa angles of attach tunnel-Ball boundary leyer had little effect on pitching moment. 
At high angles of attacts, everage pitching moment for wing may differ from pitching 

• moment at center of tunnel because of nonunlform stall. 

DISTRIBUTION: Request copies of this r Tport only from Originating Agency 
DIVISION: Aerodynamlce (2) 
SECTION: wings and Airfoils (6) 

ATI SHEET NO.: R-2-6-4S 

SUBJECT HEADINGS: Wins loading (99149); Wind tunnels - 
Corrections (99111); Interference effects - Aerodynamics 
(52501) 

Air Documenta Dlvlilon, Intolllgonco Dopartmont 
Air Motorlof Command 

ftIO TECHNICAL IMDCH Wrigrrt-PottorBon Air Porto Daw 
Dayton, Ohio 


